The main objective of this study was to assess the clinical outcomes of the first cohort of M/XDR-TB patients treated with SLDs by the Georgian NTP and to determine risk factors for poor treatment outcome.
Methods

Study population
All patients in Georgia aged 16 years with laboratoryconfirmed pulmonary M/XDR-TB initiating treatment between March and December 2008 through the Georgian NTP were enrolled in a prospective observational study. The study was approved by the institutional review boards of the Georgian National Center for Tuberculosis and Lung Diseases, Georgia, and Emory University, USA.
Drug susceptibility testing
All patients had sputum culture and first-and second-line drug susceptibility testing (DST) performed at the National TB Reference Laboratory in Tbilisi, Georgia. DST to first-line drugs was performed using the absolute concentration method on Lö wenstein-Jensen medium with the following drug concentrations: streptomycin 4 mg/ml, isoniazid 0.2 mg/ml, rifampin 40 mg/ml, and ethambutol 2 mg/ml. DST to second-line anti-TB drugs was performed using the proportion concentration method with the following drug concentrations: ethionamide 40.0 mg/ml, ofloxacin 2.0 mg/ml, para-aminosalicylic acid 0.5 mg/ml, capreomycin 40.0 mg/ml, and kanamycin 30.0 mg/ml. 8 Pyrazinamide testing was performed using the MGIT960 liquid broth system (concentration 100 mg/ml). 9 External quality control of the Georgian National TB Reference Laboratory was performed by the WHOaffiliated Supranational Reference Laboratory in Antwerp, Belgium. 8 
Definitions
Treatment outcomes were defined using WHO criteria. 10 Cure and treatment completion were classified as a favorable outcome; treatment failure, death during treatment, and default were classified as a poor outcome. 10 
Treatment
Treatment regimens were individualized based on DST results and guided by WHO recommendations. 10 Regimens were designed to include at least four drugs to which the patient's M. tuberculosis isolate was susceptible. 10 All treatment regimens included a fluoroquinolone (moxifloxacin or levofloxacin) and also an injectable agent (i.e., kanamycin or capreomycin) for at least 6 months. Treatment was continued for at least 18 months after achieving a negative sputum culture. All patients received treatment through directly observed therapy (DOT). Most patients received initial care as an inpatient before transitioning to outpatient treatment.
The decision to perform surgical resection (i.e., adjunctive surgical therapy) was made by the Georgian NTP Drug Resistance Committee. In addition, sufficient pulmonary function to tolerate resection and a localized lesion amenable to resection were required.
Data collection
Demographic and clinical information were collected from the medical records. Sputum culture and DST results were obtained from either the medical records or the National TB Reference Laboratory database. Treatment outcomes were collected as part of ongoing surveillance at the NTP using a standardized 'treatment outcomes' form.
Statistical analysis
Data analyses were performed using SAS software, version 9.1 (Cary, NC, USA). For descriptive statistics, differences in categorical variables were tested using the Chi-square test, and for continuous variables a two-sample t-test was used. A binary multivariable logistic regression model was used to evaluate the independent association of potential risk factors with poor outcome. Model building and selection was based on the purposeful selection of covariates strategy as previously described, based on epidemiological findings in the bivariate analysis and biological plausibility. 11 A p-value of <0.05 was considered significant.
Results
Patient characteristics
Three hundred and eighty patients in Georgia with laboratoryconfirmed pulmonary M/XDR-TB were enrolled in the study. The average age was 38 years (range 16-81 years), and 109 patients (29%) were female ( Table 1) . Among the 380 patients with M/XDR-TB, 334 (88%) had a prior history of TB treatment ('retreatment cases') and 46 (12%) were newly diagnosed TB cases ( Table 1) . Compared to new cases, retreatment cases were significantly older, reported alcohol abuse more frequently, and were more likely to have bilateral radiological disease ( Table 1 ). In addition, newly diagnosed M/XDR-TB cases had a higher rate of culture conversion at 4 months than retreatment cases (67% vs. 43%, p = 0.002). There was no significant difference in the rate of XDR-TB among new and retreatment cases (9% vs. 13%, p = 0.36).
Drug resistance
Based on DST, the average number of drugs to which M. tuberculosis isolates were resistant was 5.4 (range 2-10). In addition to isoniazid and rifampin resistance (100% by definition), there were high rates of drug resistance to streptomycin (92%), ethambutol (66%), and ethionamide (59%), while the proportion of patients resistant to the remainder of drugs tested by DST was lower ( Table 2 ). Resistance to pyrazinamide was 22%. Patients who had a history of receiving treatment with SLDs had significantly higher rates of resistance to fluoroquinolones (ofloxacin, 41% vs. 17%, p < 0.001), kanamycin (51% vs. 35%, p = 0.002), and capreomycin (38% vs. 20%, p < 0.001) compared to newly diagnosed TB cases.
Treatment outcomes
Among 380 patients with M/XDR-TB, 201 (53%) had a favorable outcome and 179 (47%) had a poor treatment outcome, including 59 (16%) who died, 37 (10%) with treatment failure, and 83 (22%) who defaulted from treatment (Table 3 ). Newly diagnosed M/XDR-TB cases were significantly more likely to have a favorable outcome than retreatment cases (37/46 (80%) vs. 164/334 (49%); odds ratio (OR) 4.26, 95% confidence interval (CI) 1.99-9.10; p < 0.001).
Prognostic factors for a poor outcome
In univariable analysis, factors that were associated with a poor treatment outcome included older age, body mass index (BMI, kg/ m 2 ) 18.5, bilateral disease on chest radiograph, being a retreatment case, and the presence of XDR-TB (Table 4 ). Female gender, having had adjunctive surgical therapy, and sputum culture conversion at 4 months were all associated with better outcomes (i.e., a reduced risk of a poor outcome) ( Table 4 ).
In multivariable analysis, factors that were independently associated with a poor treatment outcome included BMI 18.5, bilateral pulmonary disease on chest radiograph, being a retreatment case, and the presence of XDR-TB (Table 4 ). In the multivariable analysis, sputum culture conversion to negative for M. tuberculosis by 4 months (OR 0.33, 95% CI 0.21-0.52) and having had an adjunctive surgical resection (OR 0.27, 95% CI 0.11-0.64) were associated with a reduced risk of a poor outcome (i.e., associated with a more favorable treatment outcome) ( Table 4) .
Two additional multivariable logistic models were run to further explore the relationship of prior TB treatment and drug resistance with poor outcomes ( Table 5 ). Compared to patients with MDR-TB, patients with MDR-TB plus fluoroquinolone resistance (OR 4.41, 95% CI 1.82-10.70) or XDR-TB (OR 3.02, 95% CI 1.37-6.64) were significantly more likely to have a poor treatment outcome. In the second alternative model, increasing total drug resistance was associated with an increasing likelihood of a poor outcome. In both alternative models, prior treatments were significantly associated with poor outcomes. 
Discussion
Georgia is one of only a few low-and middle-income countries that has had a rapid scale-up of treatment for M/XDR-TB. In less than 2 years, Georgia has achieved universal access to diagnosis and treatment of M/XDR-TB. This current study examined treatment outcomes among the first cohort of patients with pulmonary M/XDR-TB to undergo treatment in the country of Georgia. 10 The large majority (88%) of patients in this cohort were retreatment cases, likely reflecting the large pool of patients with chronic TB in Georgia who did not have access to diagnosis and treatment of M/ XDR-TB until 2008. The overall proportion of favorable treatment outcomes in our study was similar to previously published studies, 12, 13 but somewhat lower than that reported in a recent meta-analysis, which estimated an average successful outcome proportion for MDR-TB of 62% (95% CI 58-67%). 2 Some differences that may have accounted for a lower success rate in Georgia were the high proportion of retreatment cases and a relatively high treatment default rate (22%). Retreatment cases were older, more likely to have bilateral disease, had increasing drug resistance, and many had chronic TB disease for which they received multiple treatment regimens prior to the availability of diagnosis and treatment of M/ XDR-TB in Georgia. Retreatment may be a surrogate marker for more severe disease, and these patients may be less responsive to treatment. Other studies have similarly found a higher proportion of poor outcomes in retreatment cases. [14] [15] [16] [17] This finding emphasizes both the importance of proper detection of M/XDR-TB and access to quality-assured SLDs.
XDR-TB was an independent risk factor for a poor treatment outcome in our study, a finding that has been noted in previous studies. 18, 19 The treatment success rate among those with XDR-TB (35%) in our study was in the lower range of that previously reported -32% to 55%. 3 In our study, the presence of fluoroquinolone resistance was an independent risk factor associated with a poor treatment outcome and highlights the need for new agents that can be employed in the treatment of M/XDR-TB.
A relatively high prevalence (13%) of XDR-TB was found among patients with MDR-TB in Georgia. XDR-TB emerged at a time when SLDs were not available through the Georgian NTP. In Georgia, SLDs including the fluoroquinolones and injectable drugs were, and still are, available in pharmacies for over-the-counter purchase. 20 We suspect that their inappropriate use under non-program conditions has led to the development of XDR-TB in Georgia.
In our study, the default rate (22%) was relatively high. This finding is concerning because patients defaulting therapy have been found to have high rates of subsequent mortality and pose a risk for subsequent transmission of highly drug-resistant TB. 21 This high level of treatment interruption occurred despite all patients receiving intensive case management, including psychological evaluation and care and DOT. Further investigations into the reasons for patient default and efforts to improve patient adherence, especially among retreatment patients, should improve overall M/XDR-TB treatment outcomes in Georgia and are important to enhance TB control efforts in Georgia. In our study, independent risk factors for poor treatment outcomes also included low BMI (18.5) . Low BMI has been shown to be associated with an increased risk of TB and also worse outcomes in MDR-TB patients. 14, 22 Our data are consistent with previous studies that have emphasized the importance of nutritional support for M/XDR-TB patients. Additional independent risk factors found to be significantly associated with favorable treatment outcomes included adjunctive surgical therapy and sputum culture conversion at 4 months. Our study suggests that surgical resection may be an important adjunctive measure in enhancing treatment cure among patients with M/XDR-TB.
Our findings are similar to previous reports suggesting that surgical resection may improve M/XDR-TB outcomes. 15, 23, 24 Also, the WHO recommends surgery be considered for the management of M/XDR-TB patients failing therapy and with a localized lesion, emphasizing surgical expertise and experience. Thus our findings support the important role of adjunctive surgical resection in the management of pulmonary M/XDR-TB patients who meet the criteria for surgery. The role of early culture conversion in predicting treatment outcomes has been suggested. 25 However our study is the first to demonstrate that a lack of culture conversion by 4 months is a predictor of poor treatment outcome, an outcome that highlights the importance of monitoring M/XDR-TB patients based on regular culture results. Further studies are needed to validate the use of the sputum 4-month culture conversion as a predictor of poor treatment outcome, which may be analogous to the use of 2-month culture conversion to assess the risk of relapse among drug-susceptible patients. 22 There are a few limitations to our study. First, given that this is the first cohort of patients to ever receive treatment for M/XDR-TB in Georgia through the Georgian NTP, we suspect that many retreatment cases had undergone multiple courses of treatment for TB, but the exact number of prior courses of therapy among retreatment cases was not known. Second, although it was the policy to perform monthly sputum cultures, 38 (10%) patients missed more than two cultures.
The findings from our study have several implications for TB control activities in Georgia. First, given newly diagnosed cases had a more favorable treatment outcome, special attention is needed to detect M/XDR-TB cases early. To help enhance MDR-TB case detection, the use of a rapid molecular diagnostic test, a line probe assay called MTBDRplus, has been implemented in Georgia. 26 Second, one of the independent risk factors for a poor treatment outcome was the presence of XDR-TB. It is crucial to strengthen activities for effective use and control of SLDs to prevent the further emergence of XDR-TB. This includes advocacy and public education in order to gain support for health policy changes to limit access to key SLDs, which are currently readily available through Georgian pharmacies without a prescription, in an effort to reduce the further emergence of M/XDR-TB.
In conclusion, there was a rapid scale-up of M/XDR-TB treatment in Georgia beginning in 2008. In multivariable analyses, independent risk factors for a poor treatment outcome included prior treatment, the presence of XDR-TB, BMI 18.5, and bilateral infiltrates on chest radiograph. Sputum culture conversion by 4 months and adjunctive surgery for pulmonary TB were independent factors associated with a favorable outcome. Additional investigations are needed to further define the role of surgery in the treatment of M/XDR-TB and to validate the use of the 4-month culture conversion as a predictor of a successful treatment outcome among patients with highly drug-resistant TB.
